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AROUNDAIRPLANES

By MelvinN. Goughand l!knestJohnson

SUMMARY

Thisreportdescribesmethodsused by the National
AdvisoryCommitteefor Aeronauticsto studyvisuallythe
air flowaroundairplanes. The use of streane~s,oil and
exhaustgas streaks,lampblackand kerosene,powderedma-
terials,and kerosenesmokeis brieflydescri%ed.The
generationand distributionof smokefrom candlesand from
titaniumtetrachlorideare describedin greaterdetailbe-
causethey appearmost advantageousfor generalapplica-
tion. Examnlesare includedshowingresultsof the vari-.
ous met’n~

INTRODUCTION

Manymethodshave been employedin modelinvestiga-
tionsfor the visualstudyof air flow aroundvariousob-
jects. (References1 to 9, inclusive.) Meansof maki~g
similarinvestigationson a full-scaleairplaneat the air

speedsobtainedin flighthave not been thoroughlydevel-
opedalthoughthe advaritagesto be gainedby themhave
long beenrealized. More concentratedatteationhas been
giventhe problemrecentlyhy theNationalAdvisoryCommit-
tee forAeronauticsand someverypromising’resultshave
been obtained. The purposeof this reportis to describe
the methodsthathave been employedin the studyof air
flow aroundairplanesin flightand to give in detailthe
latestdevelopments.

PRELIMINARYTESTS

Streamers.-Probablyone of the oldestknownmethods
of air-flowstudyin flightconsistsof the observationof
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lightstringsor streamers.wool tufts,silkthreads,
and likematerialsare securedby one end to either(1)
the surfaceoverwhichthe flow is to be’studied,(2)the
struts,(3) ~he end of smallstreamlinemastsmountedon
the surface,or (4)the end of a rod which,can be moved
aroundat will by the observers (Reference2.) This
methodgivesan indicationof the directionof the air
flowand its smoothor turbulentnature”:Examplesof in-
formationobtainedwith streamersare shownin X’i5wres1,
2, and 3. Long streamerscan not be reliedupon to indi-
cate trueair-flowdirectionif the air-flowpath is
curved,as the tensionin the streamerwillcauseit to
conformmore nearlyto the chordof the arc.

$.,
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,
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Lamublackand’kerosene.-T.hepath of oil and exhaust
gasesoverthe surfacesbehindenginescan be seen on most
airplanesand has oftenbeen traced,but the effectsof
gravityand the adhesionof the oil causedoubtas to the ‘
reliabilityof the informationobtained. l’urtheraore,the “
“resultiagpatternis an indicationof the flow only on the
very surface. In spiteof theseinherentdisadvantages
theseobservationsled to the decisiont,oemploylampblack‘

●

and keroseneas used in’windtunnels. Thismethodconsists
of paintinga thinmixtureof lampblackand keroseneover
the surfacein streaksperpendicularto the generaldirec-
tion of the air flowand flyingthe airplaneimmediatelyso
that the mixturesetsand driesin flight. Examplesof
patternsobtainedin thisway are shownin Figurei4. This
methodwas alsoused to studythe air...flowperpendicularto
the surfaceby mountinga metalfin on the surfaceparallel
to the air flowand obtaininga patternon both sidesof it.
Fidure5 showsthepatternresultingwhen,thismethodwas
appliedto the studyof air flowaround an enginecowling.
The limitationsof thismethodare furtheremphasizedhere
in tkatthe flow on the fin is affectedby the surfaceof
the fin and is not entirelyindicativeof the freeair.

Finepowd~.- powderedmaterialssuchas alumimim
dusthave been triedby releasingthen intothe air streah
but the resultswere not satisfactory.An enormousquan-
tity of the materialwas requiredto make the flow suffi-
cientlydensefor successfulphotography.

KerosenevaPor.-$mokeproducedby heatingkerosene
vaporhas frequentlybeenused in flightto studyair
flow. A fairlydensesmokecan be generatedfor long
periodsof timeand the systemis s2mpleand operates
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smoothly. However,.the distributingpipesmust be well
laggedto preventc“on,densatioaand also to preventfire
due,*ocontactwithparts of the airplane,and thusthe
adaptabilityof the.methodis reduced. The. system is not
recomm.e,ndedmainiybecauseof the firehazardcaused by
carrying‘thekerosene””underpressureand at”hightemper-
atures. l’igure 6 sh:ws.a ker”osenesmokestreampassing
(a) throughthe pr.ope.lldrdisk of an airplaneoh the
groundand (b) overt,h.eBose-ofan airpiane‘placedin’the
slipstreamof sigotherair.planet.. .

Snokecand~.- ‘Smokecandlesdesigjnedfor the mil-
itaryservicesfor obscuringtroopmneuvers have also been
used withvery satisfactoryresults. The candlesare com-
parativelyinexp?~sitie,are easyto o~tatn,and require a ‘
simpleinstallationto adaptthem for“usein flight. The
latter reasonis consideredof sufficientimportanceto
warraqtthe detaileddescripti~ngiven‘later.However,as
the timeof burningis quiteslioit,’the controlof the flow
And the distributionof the smoke‘r~~’hei limited,and the
firehazard.fromburningparticlesls:”notne~ligihle,a
stillbettermethodwas sought.

...‘.
. .,

Titaniumtetrachloride.-A studyof the methodsof.—
snokegenerationin modelwork revealsthat even in wind
tunnelsdifficultiesare encounteredin obtaininga smoke
whichwill not diffuseso rapidlyin low-speedair as to
suffera markedreductionin opacity,and yet one which
can be generatedin a continuouss’tipplYf’or“areasonable
lengthof ttme. Titaniumtetrachloridegivesexcellent
resultsalthoughconsiderabledifficultyis experienced
in handlingthis smoke-producingliquid. The advaszta-
geousfeaturesof the reagentled to the’dectsionto use
it in spiteof thepossibledangerof corrosionof the
metalparts of the.air~plane.Fortunatelyit is available
in largequantitiessinceit is alsoused for smo-ke-screen
work in the militaryservices. The mannerin which snoke
is generatedfrom it is the second~ethodof whicha de-
taileddescriptionwill he given.

.

SMOKEPRODUCEDBY CANDLES
.

The candlesused in thesetestsare the nontoxic
type designated‘lHC.,1$111aad are fullydescribedin ref-
erence10. The candleconsistsof a rectangulartin box
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containinga solidsmok-e-p~oducingmixtureof pqwdered
zinc,zincoxide,and hexachloretha~,e;a startingmixture
of potassiumperchlorate,antimony,and zincdust:and a
matchhead of potassiumchlorate,antimonysulphide,and
dextrini When the matchhead is firedit in turn ignites
the startingmixturewhich startsa cheuicalreactionof
the smoke-producingmixture,generatingconsiderableheat
with the formationof zincchloride. The zincchloride
that escapesintothe air readilyabsorbsmoistureand
fernshighlylight-obscuringliquidparticles. The candle
delivers“asatisfactoryvolumeof smokefor a periodof
from2 to 4 minutes.

. A netalbox was,madeto hold two candlesand a system
of baffleplateswas placedin.thesmokeexitto arrest
possibleparticlesof burningmaterial. The %OX wasplaced ‘“:
on the end of a boomwhich~as mountedonthe right--wingof
a Fairchildcabinmonoplane(FC2W-2)as shownin Fig-ure7.
The location of the smokebox couldbe variedin flightby *
meansof,cablesrunning.to the cabin. It was foundim-
practicableto conductthe smokethroughlongpassages
unlessthe zincchloridewas mixedwithair immediately ●

upon leavingthe candle. In thepresentinstallationtlris
was providedfor by leaks in the jointsof the smokebox..

The smokeflowwas establishedin levelflightand
movingpicturesof it were takenfrom tioththe cabinand
fromanotherairplane. Sampleframesof these,with the
smokebox in its lowestposition,are reproducedin Fig-
ure 8. The attitudeand speedof the airplanewere deter-
minedby meansof a statoscope,an inclinometer,and an
air-speedmeter. .—

Some precautionsare necessaryin theuse of these
smokecandles. If the candleis ignitedon the groundao
personshouldapproachit closerthaa 10 feet. Althoug:>
tke c.tidleis practicallyharmless,thereis a tendencyto
throwout hot particlesof the combustiblenixture. In
flight,if theseescapefron the box, theyappa’reatlycool
quicklybecauseno evidencehas beenfoundof hot particles
strikingthe airplane. ileforeeachflightthe box should
be thoroughlycleanedand driedbecausethe startingmix-
tureof the candlemust be keptperfectlydry until ig-
nited. Immediatelyafterthe flightany residuein the
box shouldbe removed.,

*
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t?ITA~IUllTETRACHLORIDE.. . .,,, . - ..-
‘.”, ,“ ..,’

‘ The handlingof titaniumtetrachloride(Ti Ct4)pre-
se-ntsmany,difficulties,Instructionsfor itsuse are
givenin referenceIlk Thisreferencealso.describesthe
chemicalreactionof titaniumtetr”achlorideas follows:
~l~henthe liquid’comesin contactwith averageair.it
fernsa hydrate(Ti Ct-~--=15H20).This is perfectly’sta-

.‘bleand givesa densessnak# Howb#er,in atmosphereof
greaterthan 60’percenthumiditythe-smokeabsorbs water
rapidly,deliquesces,formingliquid.drops,and-thenhy-
drolyzesratherslowlygiving~C1. Withperfectlydry
air titauiumtetrachlorideformsno smoke. With very srmall
amountsof watera densesmokeof the hydrateis formed.ll

The generatorused on the rightwing of a Tai&child
cabinmonoplane(FC2W-2)is shownin Figure9, IriFigure
10 the detailsof the same installationare given. A cozl-
tainerwas locatedin the mouthof an air scoopand liquid
from it was led to the throatof the scoopby a tube i:l
the free end of whichwas placeda taperedstopper. Liq-
uid”couldnot flow from the containerwhen the stoppernas
,re;lovedunless”air pressureof from2 to 8 poundswas ap-
‘pliedto the spaceh the containerabovethe liquid. The. entranceof the air tube intothe containerwas sealedwit’h
vaselinebeforethe containerwas filledwith liquid. This
sealwas brokbnwhenpressuretiasappliedbut prevented
liquidgettingintoand cloggingthe tuleprior to that
tine.

The smokeformedby th’emixingof-theliquidreleased; ?
in the throatwith“theair”enteringthe scoopwas carried~ ‘
iatoa smoke”chamberin the wing. The smokeflowedout.of
the chamberthroughequallyspacedslotsin the upper sur-
face of the wing betweenthe spars$ Any or all of the
slotscouldbe closedhy coveringthem with fa%ric.

.“”
Anothergeneratoridenticalin principlewith this

one but with a differencein the mannerof smokedistri-
b~ition(fig.11) has beenused for testwork on another
airplaae. (RoferencO 12.) In this casethe smokewas
generatedin the throatsof a Venturithatwas free to swiv-
el and thusplacea strea”mof smokein tke directionof the
air flowingpast it. (Fi:.12.) The stopperin the li~-
uiii-dischargetubewas ~~p’lacedby a plug of vaseline
nhic’hnas forcedout’by the application of air pressure... ,.
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In flighton the Fairchildw-us.ingthe generatorpre-
viouslydescribed,pressurewas appliedto the liquidcon-
tainerat the sametime thatthe stopperwas removed.
Once the smoke flow was establishedmovingpictureswere
takenat variousanglesof attackin glid,eand level
fli~ht. To do thisa portionof the roof of the cabinof
the airplanehad to be re.moved.sothatan “observer”could
view theupper surface,.ofthe wing. In order,toassurea
uniformdarkbackground-avextic,alfi.nwas mouhtedparal-
el to tha direction,offlight,ando,utboardof tll.eslots.
Both it and the wingwprepaintedflatred exceptthat
whitelinesper~endicularand parallelto the directionof
flightwerepaintedbilro,ughthe slots’thatwere open.

The picturesshownin Figures13, 14, 15, and 16 are
enlargementsof representativeframestakenfromthe film.
In the reproductionof,all.the smokepicturesobtainedin
flighttherewas a definiteloss of detailand retouching
of thepictureswas necessary.However,the finalrepro-
ductionscomparefavorablywith the originalnegatives.

,

R’igures13 and 14, takenwithoutthe fin background,show
the smokeemittedfrou 5 slotsat 2 anglesof attack. l?ic-
ures 15 and 16, takenwith the fin background,showthe

.

smokeemittedfromeach of 2 slotsat 5 anglesof attack.

Thismethodof generatingsmokeprovedquitesatis-
factoryand gave no troublewhen carewas used in prepar-
ing the installationfor flight. The period.of time over
which smokecouldbe generatedvariedfrom2 to 6 minutes~
dependingupon thenumberof slots“openand the atmospheric
conditions.It is evidentthatthe time could also be
varied by changingthe capacityof the liquidcontainer.
The velocityof the smokeat the slotswas dependentupon
,thesizeand arrangementof the air passagesand the num-
ber of slotsopen’.The densityof the smokedependedupon
itsvelocity,thehumidityof the atmosphere,and thepres-
sureappliedto the liquidin the container.

Inconveniencesare encounteredin handlingthe liq-
uid in a relativelyhumidatmosphere.When its surfaceis
exposedsmokerisesfrom it and a precipitateis forined-
aroundthe edge of the container.Thus smalltubescon-
tainingliquidand air becomeclogged. The containerand
the tube in whichthe liquidiS to be placedmust be thor-
oughlycle,anedand d,riedbeforethe ge.aeratoris used,and
the stoppershouldallowno ie’akage.As smokecan get in-
to the air-pressuretube it too is sub,jectto cloGgingand ●

.
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must b,ethoroughlycleaned~ftereachflight. ,,..,$..,
“~areshouldbe taken by thosehandlingthe-,laquid

to preventspilling. The“fumes”are not particularity
injuriousbut liquid”onthe %odymay.causepainfulturns..
The‘posSil’ilityof damagecausedby hydrochloricacid de-
positingon,metalparts of the airplanemust be guarded
againstby properlylocatingthe srnok-e~e’neratorand by
the use ,ofacid-proofpaint. In,addition,tothese.pre-
caution’&’ithroughoutthe presentteststhe wing was washed,
aftQr eachflight. Therewas no indicationof damageto
the airplaneat the end of the tests. ,

LangleyMemorialAeronauticalLaboratory,
NationalAdvisoryCommitteefor Aeronautics,

LangleyField.,Vs., June 17, 1932.
.
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Fig.1 Airflowaroundvariously-fairednacellesasshown
by stresmersobservedduringflight.
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l?ig.2 Airflowbehindwingasshown~
withSIOtS andfl~S.

stxroamers. Low-wingmonoplane
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a, 45 m.g.h.Poweron.
k, 46 m.p.h.Povrorof:.Fla~edown.
c, 50 m.p.”~.Poweroff.
d, Mrn.p.h.Poweron.Flapsdown.
e, BO m.p.h.Poworon. Slotsclosml. ‘A

I?ig.3 Vurb7Mnt regionsin vioinityof tailas shownby 6treamers.
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Fmelege

bft forwardcabanestrutsat
fuselage

Leftforwud landinggear stzWJ
at fuselage

Innerhose cowling

Frontviawof windshield

gop view of turtleback

Fig.4 Lm@blaokandkerosenepatternsobtainedat 165 m.p.h. in level
flidlton Cllrtissn70-1I?@Dlaneo——-
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Y’Ig. 5 -black andkerosenepatterns of.airflowaroundN.A,C.A.
cowlingon(?urtiesXF7C-1airplaneat165m.p.h.
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Fairchildwing.
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Fig.10 Sketch oftitaniumtetrachloridesmoke
onwingofFairchildcabinmonoplane:”

generatormounted
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Tig.13 Smokeflowowr wingof J3g. 14 Smokeflowover wingof
Fairchildrobinmono- Eairchildcabinmono-

planewith5 slotsopenat14° planewith5 slotsopenat18°
angleofattack.(Cirm*eloude” angleofattack”
inbackground.shouldmt becon-
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fueedwiththeemcke~
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rn=ation of flight

54 m.p.h.
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W m.p.h. 59 m.p.h. (at~l) “- ‘ 59 m.p.h. (stall)
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&u3ke murce at 5* chord. (Goet. 387) 2~

Hg. M - flow over wingof ?airohlld cabin monoplane in glides ~
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